Abstract-Orthogonal frequency division multiplexing (OFDM) is widely used multi-carrier modulation technique in wireless networks because of its superiority. Partial Transmit Sequence (PTS) is one of the many methods of PAPR reduction technique that have been proposed to address the PAPR issue in OFDM systems. But PTS suffers from high computational complexity which increases exponentially with increase in the number of subblocks. Modified PTS technique has reduced this computational complexity by using neighborhood search algorithm to find the optimum set of phase factors to reduce the PAPR of the OFDM signal. In this work, MMSE channel estimation algorithm is used to evaluate the performance of the OFDM receiver using PTS as the PAPR reduction technique. The receiver performance is analyzed in terms of BER for different number of subblocks. Simulation results show that BER increases with PAPR reduction.
I. INTRODUCTION
The demand for wireless communication system with high data rate and spectral efficiency has made Orthogonal Frequency Division Multiplexing (OFDM) to be the dominant and promising candidate in mobile communication. Over the years, OFDM has been implemented in various standards such as Digital Audio Broadcasting (DAB), Digital Video Broadcasting (DVB), and Wireless Local Area Network because of its tolerance towards multipath fading [1] , [2] . The approach in OFDM is to split the high data rate sequence into N symbol groups [3] , so that each group consists of a sequence with lower symbol rate 1/ N than the original. The signal band is made up of N orthogonal carrier waves and each one is modulated by different symbol groups. This way the symbol rate 1/ WT  on each carrier is reduced so that it is less than the coherence bandwidth of the channel. The introduction of guard band, called cyclic prefix (extension of the OFDM signal with its tail portion), avoids the inter-symbol interference (ISI), which if actually present will degrade the BER performance. The major disadvantage with OFDM is its high Peak-to-Average Power Ratio (PAPR) compared to a single carrier signal because an OFDM signal is the sum of many narrowband signals in time domain. The high PAPR imposes complexity in Digital-to-analog converter (DAC) and the High Power Amplifier (HPA). Both DAC and HPA must operate with a wider dynamic range for prevention of spectral growth and out-of-band noise. The presence of high PAPR increases the cost of OFDM system. Many techniques to deal with PAPR issues have been proposed. These techniques include Clipping [4] - [7] , Coding [8] , [9] , Multiple signal representation such as selective mapping (SLM) and PTS [10] - [13] . PTS is a distortionless method of PAPR reduction where the OFDM data block is divided into subblocks and each subblock is optimally shifted in phase, in order to reduce the probability of occurrence of high PAPR. The PAPR reduction is more with increase in the number of subblocks. But, the computational complexity of PTS scheme increases exponentially with increase in the number of subblocks, because of the increase in the number of N-dimensional IFFTs. In the literature, Modified PTS technique has been proposed to reduce the computational complexity. In Modified PTS technique, the optimal phase factor which reduces the PAPR of the OFDM signal is searched by using a neighborhood search algorithm by assuming a threshold value of PAPR. Channel estimation is the key technology of wireless receiver designs in OFDM systems. The transmitted signal undergoes reflections and scattering in the wireless channel before reaching the receiver. The signal reaches the receiver in multiple paths due to the mobility of the transmitters, receivers and scattering objects. The received signal is spread out in time, frequency and angle due to the detrimental effects of the wireless channel, thereby degrading the performance of the receiver. In OFDM receiver, the effect of the channel on the signal is estimated to increase the performance of the receiver. The Linear MMSE channel estimation algorithm is used to estimate the channel and to investigate the performance of the receiver for PAPR reduced signal using PTS as the PAPR reduction techniques.
II. PAPR REDUCTION WITH PTS
Consider an OFDM system with N orthogonal subcarriers. Then, each symbol in a block consisting of N symbols is modulated by one of the N orthogonal subcarriers. Let the input block of symbols be ()
Each element of the vector shown in equation (1) The time domain representation of transmitted signal is given by,
The PAPR of the transmitted OFDM signal is defined as the ratio of the maximum power to the average power of the transmitted signal, which is given by, 
where [.] E is the expectation operator. In the PTS method of PAPR reduction, the input data block consisting of N symbols is partitioned into V subblocks of equal size, represented as
Each sub-block [14] is then multiplied by a corresponding phase factor
operation, the time domain signal is given by
where v x is partial transmitted sequence. The phase factor vector is chosen from an allowed set
that the PAPR can be minimized [13] . Then the time domain signal with lowest PAPR is given by
where v b  is optimum set of phase factor which will produce a low PAPR OFDM signal. The computational complexity increases because of the search of optimum set of phase factors from the allowed set . Therefore, with increase in the number of subblocks, the computational complexity increases exponentially. The distribution of PAPR in the OFDM signal has stochastic characteristics and so it is analyzed using complementary cumulative distribution function (CCDF) which is defined as the probability that the PAPR of the OFDM signal exceeds a threshold value 0 PAPR .
Mathematically, CCDF is defined as,
Modified PTS is proposed to determine the optimum phase factor vector to reduce the computational complexity of PTS [14] . By using modified PTS algorithm, a better PAPR performance than PTS can be achieved but with reduced computational complexity.
III. MINIMUM MEAN SQUARE ERROR (MMSE) CHANNEL ESTIMATION
In wireless communications, to improve the receiver performance, it is required to estimate the channel before demodulation. The channel estimation techniques can be blind or non-blind. Pilot assisted channel estimation is a non-blind Channel estimation technique, where known symbols, called Pilots are embedded into certain sub-carriers of each OFDM symbol. The received signal at known pilot locations are then interpolated for estimating the complete channel. Blind channel estimation techniques [15] do not use pilots in order to achieve high spectral efficiency. Non-blind techniques are implemented with high computational complexity and require large amount of data to evaluate the statistics of the channel. In non-blind channel estimation, previous information about the channel is used. Data aided channel estimation is a type of non-blind technique, where a complete or a portion of the symbol which is known to the receiver is transmitted. If the known information is sent over one or more OFDM symbols, then channel estimation technique is said to be Training symbols based. If the known information is inserted into the data, then it is called pilot aided channel estimation [16] - [19] . Pilot aided channel estimation can have different structures based on the arrangement of pilot tones; block type, comb type and lattice type. The block type of pilot arrangement is suitable for frequency selective channels. Comb type pilot arrangement use pilot tones at periodically located subcarriers of every OFDM symbol. This type of pilot arrangement is used for estimation of the channel along the frequency axis. Comb-type pilot arrangement is suitable for fast-fading channels. Lattice type pilot arrangement permit the estimation of the channel in both time and frequency axis. Here the pilot tones are scattered in both time and frequency axis. The PAPR reduced OFDM signal when transmitted through the wireless channel undergoes distortion. The received signal is distorted because of the characteristics of the wireless radio channel. For better BER performance the channel is estimated and compensated at the receiver. In OFDM system, the orthogonal property of the subcarriers allows that each subcarrier to be identified as an independent channel. So the received signal is the product of the transmitted signal and frequency response of the channel [15] . The linear MMSE channel estimation algorithm is used to evaluate the BER performance of PAPR reduced OFDM signal using comb-type pilot arrangement. Let P denote locations of the pilot tones in the OFDM symbol of N subcarriers.
Let the pilot tones in the OFDM symbol be represented by the set [ (0) , (1) 
After the FFT operation at the receiver, the received signal 
The performance measure employed in frequency domain channel estimates is Mean square error (MSE) and it is defined by 2 ( ) ( ) MSE E H k H k    (15) BER performance measure is also used to evaluate the performance of the receiver using MMSE channel estimation method.
IV. RESULTS AND DISCUSSION
The performance of the receiver is analyzed using BER and MSE parameters for PAPR reduced OFDM signal with different number of subblocks, using MATLAB software. The simulation parameters considered for analysis are given in Table I [20]. Fig . 3 shows the BER performance of the receiver with MMSE as the channel estimation technique. The bit-error rate decreases with increase in the number of subblocks, due to reduction in PAPR with increase in the number of subblocks. The BER performance is better than LS channel estimator [21] .
V. CONCLUSION
In this paper, the MMSE channel estimation technique is used to analyze the performance of PAPR reduced OFDM signal using PTS as the PAPR reduction technique. Because of PAPR reduction, there is a slight degradation in the BER performance of the receiver. Also, the BER performance is improved by using MMSE channel estimation technique.
